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	Description of Problem 
	Nuclear data need
	Application

	and Isotopes Involved
	
	NS
	CP/
	EN
	IP/

	 
	
	
	S
	
	Other

	Isotopes of these elements have been prioritized by Nonproliferation and Homeland Security funding agencies: H, Li, Be, B, N, O, Mg, Al, Si, Ti, V, Cr, Fe, Ni, Cu, Ga, Zr, Nb, Mo, Eu, Gd, Ta, W, Ir, Pt, Au, Pb, Po, Ra, Th, U, Np, Pu, Am
	Precise -ray energy data and their corresponding total and partial radiative-capture (n,) cross sections, particularly for primary gamma rays, are needed for the EGAF library.  New measurements for separated isotopes are especially required from thermal incident neutron energies to 20 MeV.  These unique gamma-ray signatures are essential for ENDF to create complete and accurate libraries for nonproliferation applications predicated on credible high-fidelity data authentication.  A particular concern are the actinides for which there are no primaries in ENDF.
	x
	x
	x
	 

	 
	Improved inelastic scattering cross sections are needed over a wide range of neutron energies to provide data where none-to-little exists, and to meet targeted-accuracy application-driven uncertainty margins.  New measurements of total inelastic and partial cross sections to individual levels are required.  For many isotopes, there are considerable discrepancies between the evaluated data libraries and experimental information.
	x
	x
	x
	 

	Improved data and corresponding evaluations are required to meet the demands of several applications of societal interest, including: transport modeling of unknown assemblies, NDA to enable reliable accounting for SNM, detection of contraband substances and explosives, radiation shielding design and characterization, and institutionalizing a “Safeguards by Design” approach in the development of clean, cost-effective, proliferation-resistant nuclear reactor facilities, enrichment, fuel-fabrication and reprocessing plants.  Systematic experimental campaigns based on this set isotopes will greatly facilitate this need and are described, in turn.
	There is a need for new and improved NRF data over proton energies of 1-5 MeV. Photonuclear elastic scattering cross-section data and electronic excitation cross section data are also required.
	x
	x
	x
	 

	Numerous applications will be better served by targeted fission-data measurements, including: material characterization via neutron spectroscopy; spent fuel assay; post-detonation forensics-based fallout analysis; next generation safeguards.
	New measurements are required in the thermal to fast region to provide improved correlated particle-emission data from fission corresponding to fission-product yields and covariances, prompt fission neutron spectra, half lives, peak gamma-ray energies and corresponding branching ratios.
	x
	x
	x
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	1H: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Precision determination (1-2%) of both total and double-differential elastic scattering cross sections at high-incident neutron energies (10-20 MeV) with emphasis on data at small cm scattering angles.
	x
	 
	x
	 

	16O: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Discrepancies of up to 30% in both measured and evaluated 16O(n,) are problematic for fission applications. These discrepancies impact criticality predictions for reactors and helium production rates.  New measurements are needed in the 2.5-20 MeV region to reduce uncertainties to within 5-10%.
	x
	x
	x
	 

	
	Improved capture-gamma data from radiative neutron-capture required for nonproliferation applications (e.g. NDA screening): thermal – 20 MeV.  High-energy primary gamma rays are particularly important
	x
	x
	 
	 

	
	Better radiative-capture data at 30 keV will also benefit nuclear astrophysics applications.
	 
	 
	 
	DOE/

	
	
	
	
	
	SC

	
	Thermal elastic scattering cross sections in libraries are discrepant with experimental data; possibly due to Doppler broadening (often neglected) but may have a 3% effect at room temperature.  High-accuracy measurement and R-Matrix analyses needed.
	x
	 
	x
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	56Fe: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Innovative reactor systems require improved inelastic scattering cross section data to meet target accuracy demands.  New measurements and evaluations are needed in the range 0.5-20 MeV to reduce uncertainty down to 2-10% (depending on region).  Substantial differences currently exist in the data libraries, e.g., below 2 MeV the differences between JEFF-3.1 and ENDF/B-VII.1 reaches 28%.
	x
	x
	x
	 

	
	Improved capture-gamma data from radiative neutron-capture required for nonproliferation applications (e.g. NDA screening): thermal – 20 MeV.  High-energy primary gamma rays are particularly important.
	x
	x
	 
	 

	
	Double-differential neutron- and proton-emission cross section, i.e. (n,xn) and (n,xp), data needed in 20-200 MeV range to develop pre-equilibrium models.
	x
	x
	 
	 

	
	Alpha-particle cluster emission via (n,) reaction during pre-equilibrium. Further high-energy (n,) cross-section measurements may be useful for verification and validation of the data libraries because gas production in structural materials causes serious embrittlement problems in reactors.
	 
	x
	x
	 

	235U: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Radiative-capture data is poorly known in many regions and new (n,) measurements are needed for verification. The recent JENDL-4.0 evaluation lowered the cross section by over 25% in the 0.5-2 keV region.  ENDF and JEFF libraries are also at odds with JENDL in the 3-5 keV region, and for 100-1000 keV.  All evaluations need improving in the 10-70 keV region and recent findings suggest a lower capture cross section in the 100 eV to 2 keV region.
	x
	x
	x
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	There are significant differences in evaluations in inelastic cross-section data from threshold to several MeV.  These differences impact fast-criticality measurements.  Differences exist in total and partial inelastic cross sections and angular distributions.  New measurements and modeling are needed.
	x
	x
	x
	 

	 
	Discrepant data evaluations for prompt and total neutron-multiplicities at 10-15 MeV indicate that new measurements and covariance analyses are needed. There are slight differences for total-thermal neutron multiplicities.  
	x
	x
	 
	 

	 
	Integral validation of the prompt-fission neutron spectrum (PFNS) for fast criticality assemblies using the (n,2n) reaction.  Future work is needed to understand the differences between results from LANL and CEA in France.  Better understanding of shape of PFNS is desirable.
	x
	 
	x
	 

	235U (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation. (continued)
	Improved capture-gamma data from radiative neutron-capture required for nonproliferation applications (e.g. NDA screening): thermal – 20 MeV.  Experimental high-energy primary gamma rays are particularly important; currently this information is nonexistent in the ENDF libraries.  Assess HEU to LEU conversion analysis.
	x
	x
	 
	 

	 
	Discrepancies between ENDF/B-VII evaluations and IAEA-WPEC-CSEWG standards need to be resolved for radiative-capture (RC) in 20-100 keV region.  Uncertainties in RC cross section need to be reduced to 1-3% from 20 eV to 25 keV for innovative reactor design.  New measurements are needed to improve understanding of RC cross section from a 1-105 eV.
	x
	 
	x
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	238U (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Significant discrepancies between cross-section libraries for both elastic and inelastic scattering and angular distributions need to be addressed.  Cross section differences are evident for total inelastic and partial cross sections to individual levels.  This may have a severe impact on calculated criticality for fast systems.  A global consensus on reactor sensitivity studies points to an urgent need for more accurate inelastic cross sections and angular distributions.
	x
	x
	x
	 

	
	Notable differences amongst the evaluations below 4 MeV for prompt average neutron multiplicty per fission.  Libraries provide markedly different representations at 3 MeV, the average neutron energy causing fission in 238U in critical assemblies.  This discrepancy has a clear impact on criticality calculations.
	x
	x
	x
	 

	
	Improved capture-gamma data from radiative neutron-capture required for nonproliferation applications (e.g. NDA screening): thermal – 20 MeV.  Experimental high-energy primary gamma rays are particularly important; currently this information is nonexistent in the ENDF libraries.  Assess HEU to LEU conversion analysis.
	x
	x
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	239Pu: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Resonance-parameter analyses to improve modeling of plutonium-solution critical assemblies and angular distribution measurements from resonance fission neutrons for high-fidelity criticality simulations.
	x
	 
	Limited
	 

	 
	
	
	
	
	

	 
	
	
	
	
	

	 
	
	
	
	
	

	 
	
	
	
	
	

	 
	
	
	
	
	

	 
	
	
	
	
	

	 
	
	
	
	
	

	 
	
	
	
	
	

	 
	
	
	
	
	

	 
	
	
	
	
	

	 
	
	
	
	
	

	 
	
	
	
	
	

	 
	
	
	
	
	

	 
	
	
	
	
	

	 
	
	
	
	
	

	 
	
	
	
	
	

	 
	
	
	
	
	

	 
	
	
	
	
	

	 
	
	
	
	
	

	 
	Significant differences between evaluated data libraries for 239Pu in fast energy range for (n,inl).  New measurements are needed to determine (n,inl) cross sections and theoretical work is needed by Hauser-Feshbach practioners to better understand plutonium scattering reactions.
	x
	x
	Limited
	 

	 
	Radiative-capture cross sections should be improved to meet the target accuracy requirements for advanced reactor systems.  New measurements and evaluations are needed from 2 keV to 1.5 MeV to reduced uncertainty down to 3-7% level (depending on region and reactor considerations).
	x
	x
	Limited
	 

	 
	Improved capture-gamma data from radiative neutron-capture required for nonproliferation applications (e.g. NDA screening): thermal – 20 MeV.  Experimental high-energy primary gamma rays are particularly important; currently this information is nonexistent in the ENDF libraries.  Currently there exists only one measurement in the 200 keV – 1 MeV region.  Reaction theory will also be needed for cross-section evaluations owing to the paucity of data above 100 keV.
	x
	x
	 
	 

	Description of Problem 
	Evaluated total thermal neutron multiplicity value in data libraries are more than one standard deviation lower than the evaluated constant.  This discrepancy needs to be addressed.
	 
	x
	x
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	239Pu (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	
	
	
	
	Other

	 
	Criticality deviations between prediction and measurement could point to possible deficiencies in the PFNS as well as (n,2n) cross sections.  Deviations are particularly pronounced for outgoing neutron energies above 10 MeV and would benefit from further studies in this region.
	x
	x
	 
	 

	237Np; 233Pa:  Branching ratios for certain peak and x-ray energy measurements differ by 5-15% with those in NuDat.  Combining protactinium x-rays with uranium x-rays yields ratios approximately 30% higher than those in NuDat.
	Further experimental decay-spectroscopy measurements needed for verification.
	x
	x
	x
	 

	238Pu,240Pu, 241Pu, 242Pu, 244Cm: SF data is lacking to accurately model neutron characteristics of the advanced burner reactor fuel (ABR).
	Improved data concerning the 1st, 2nd, and 3rd factorial moments of the SF neutron multiplicity distribution, and of the neutron-induced fission neutron multiplicity distribution are needed.
	x
	x
	x
	 

	241Pu: Decay-spectroscopy data are lacking for accurate fuel-cycle analyses.
	Improved measurement of half-life required; contributes to 241Am in-growth.
	x
	x
	x
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	242Pu: Thermal neutron-capture radiative-capture (n,) cross section requires verification as several measurements are at odds with each other and the evaluated nuclear data libraries.  This isotope contributes significantly to the mass inventory of spent fuel in the uranium nuclear fuel cycle and may have implications concerning the amount of spent fuel in burnup calculations.
	Verification measurements of the total radiative thermal neutron-capture (n,) cross section are required.
	x
	x
	x
	 

	232Th,236U,236Pu,238Pu244Pu,250Cm,249Bk,246Cf,
	New verification and precision measurements of P and <v> are highly desirable.
	x
	x
	x
	 

	249Cf, 250Cf, 254Cf,253Es,244Fm,246Fm,254Fm, 252No:  Consensus values for average number of prompt neutrons (<v>) and prompt neutron multiplicity distributions (P) for these actinides are based on only 1 or 2 (max) SF measurements.  The errors on <v> for Fm are currently 25%, while Es is reported without uncertainty.  These quantities are important because it is unclear what actinides will be present in the ABR fuel after multiple cycles of the ABR.
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	241Am, 243Cm, 245Cm: Neutron multiplicity data does not currently exist for these actinides.  Although these actinides have relatively small SF decay rates, and therefore negligible impact in modeling neutron emissions from ABR fuel, SF multiplicity data is essential for safeguarding fuel discharged from the ABR.
	New SF neutron-multiplicity measurements are required.
	x
	x
	x
	 

	243Cm, 245Cm, 237Np:  There is no neutron-induced fission neutron multiplicity data for these actinides that will be present in the ABR fuel.  This  hampers efforts to reliably model neutron emissions.
	Measurements of neutron-induced-fission neutron multiplicity are required.
	x
	x
	x
	 

	233U, 235U, 238U, 239Pu, 241Pu:  Very limited measured neutron-emission probability distribution data exist.  This data is needed to accurately model neutron emissions in the burnup fuel and also has importance for NDA techniques.
	Experimental measurements of neutron-emission probabilities are required as a function of incident neutron energy.
	x
	x
	x
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	Li, N, B, C, 16O,17O,18O, 19F, 23Na:
	New and improved measurements of (,n) cross sections as a function of incident alpha-particle energy from 0-10 MeV are essential.
	x
	x
	x
	 

	Nuclear materials that produce a much larger number of neutrons from (,n) reactions on light low-Z elements than from SF may cause biases in neutron-coincidence or multiplicity measurements due to the large number of accidental coincidences.  Improved (,n) cross sections are essential for background modeling in multiplicity measurements for SNM characterization, enrichment verification, and Pu oxide characterization at reprocessing facilities.  Not all (a,n) cross sections for these nuclei have uncertainties associated with them.
	
	
	
	
	

	Li, N, B, C, 16O,17O,18O, 19F, 23Na: Inelastic cross-section data for low-Z elements are needed for explosives detection.
	Inelastic (n,n') cross section measurements at energies >1.5 MeV, 2.5 MeV, and 14.1 MeV are required.
	x
	 
	 
	 

	244Cm, 248Cm: Longer-lived alternatives over 252Cf as SF source for neutron-detector characterization for nonproliferation applications.  
	Improvements in correlated-fission particle-emission data and (,n) yields required.
	x
	x
	x
	 

	233U: High-quality data is needed for the fission-to-capture ratio for 233U to facilitate thorium-based reactor design.
	Measurements of neutron-induced fission and radiative capture are required to yield improved data for the (n,f)/(n,) ratio.
	x
	x
	x
	 

	Description of Problem 
	Nuclear Data Need
	Application

	and Isotopes Involved
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	252Cf: Validation data are needed for several reactions for the 252Cf SF Standard Neutron Benchmark Field.  
	Cross section data which are currently lacking for this standard include: 238U(n,), 58Fe(n,), 45Sc(n,), 64Zn(n,p), 31P(n,p), 10B(n,x)a, 54Fe(n,), 23Na(n,2n), 186W(n,), 115In(n,n'), 54Fe(n,2n), 75As(n,2n).  Cross section data with large discrepancies: 232Th(n,f), 238U(n,2n).
	x
	 
	x
	 

	252Cf: There are also some known existing issues for the following reaction cross sections pertaining to the 252Cf SF standard: 197Au(n,) due to room-return neutrons; 90Zr(n,2n) due to thorium contamination; 96Zr(n,2n) due to contribution from 94Zr(n,).
	Greater accuracy is needed for cross-section measurements for the following reactions to help resolve ambiguities: 197Au(n,), 90Zr(n,2n), and 96Zr(n,2n).
	x
	 
	x
	 

	235U: Validation data are needed for several reactions for the 235U thermal fission Reference Neutron Benchmark Field.  
	Cross section data which are currently lacking for this standard include: 45Sc(n,), 93Nb(n,), 58Fe(n,), 109Ag(n,), 115In(n,2n), 65Cu(n,2n), 52Cr(n,2n), 23Na(n,2n), 46Ti(n,2n), 54Fe(n,2n), 59Co(n,3n), 186W(n,).  Cross section data with large discrepancies: 103Rh(n,n'), 63Cu(n,), 58Ni(n,2n), 238U(n,), 169Tm(n,2n), 55Mn(n,2n).
	x
	 
	x
	 

	235U: It is important to compare calculated (C) and experimentally-measured (E) keff to advance evaluated library accuracy.  Deviations from C/E=1 could point to (n,2n) cross section and/or PFNS deficiencies.  Cross-section data for several high-threshold reactions are needed to establish consistency between ENDF/B-VI and measured values for the 235U (nth,f) Reference Neutron Benchmark Field.
	Calculated and experimentally-measured cross section ratios (C/E) that deviate significantly from unity, or have very high associated uncertainties, and require improved keff data: 63Cu(n,2n), 58Ni(n,2n), 90Zr(n,2n), 127I(n,2n), 93Nb(n,2n), 48Ti(n,p), 56Fe(n,p), 32S(n,p), 64Zn(n,p), 27Al(n,p), 24Mg(n,p), 27Al(n), 19F(n,2n), 59Co(n,2n), 55Mn(n,2n), 63Cu(n,), 51V(n,p), 46Ti(n,p), 47Ti(n,p).
	x
	 
	x
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	109Ag, 232Th, 235U, 238U: Validation data in the 30-keV Maxwellian Averaged Cross Section (MACS) neutron field are lacking.
	Radiative-capture (n,) cross-section measurements needed at 30-keV incident neutron energy.
	x
	 
	x
	 

	103mRh, 140La: For improved IRDFF evaluations, improved electromagnetic emission-probability data are needed.
	X-ray emission probability measurements around 20 keV in 103mRh.  LEPS measurements required.
	x
	 
	x
	 

	For improved IRDFF evaluations, improved electromagnetic emission-probability data are needed.
	Gamma-ray intensities for all lines below 1596 keV in 140La.  Radiative-capture 139La(n,) studies will greatly facilitate this need.
	x
	 
	x
	 

	
	
	
	
	
	

	
	Gamma-ray intensities for transitions at around 473.5 and 685.8 keV in 187W.  Radiative 186W(n,) studies will greatly facilitate this need.
	x
	 
	x
	 

	Cd: New capture-gamma data is needed for safeguards instruments that use Cd to get flux ratios (e.g. PNAR, SINRD).
	Radiative-capture (n,) cross sections need improving from thermal to 20 MeV for all major Cd isotopes; enriched-sample measurements are required to provide desired cross-section information.  
	x
	x
	x
	 

	Gd, Pb: Total and partial cross sections from individual gamma transitions are necessary for applications in neutron radiography and prompt neutron gamma activation analysis.
	Radiative-capture (n,) cross sections need improving from thermal to 20 MeV for all major Gd and Pb isotopes; enriched-sample measurements required.
	x
	x
	x
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	92Mo,94Mo,95Mo, 96Mo,98Mo,99Mo,100Mo:
	Total and partial radiative neutron-capture (n,) measurements from thermal to 10 MeV incident neutron energies in addition to photonuclear (,n) and neutron-induced (n,xn) cross-section measurements.
	x
	x
	x
	 

	New data is needed to assess HEU to LEU fuel conversion feasibility at the MURR facility and to predict recoverable capture energy for proposed U10Mo LEU matrix.  
	
	
	
	
	

	Te,Ru,103Rh,154Eu,155Eu,141Ce,140Ce,Sn: There is no radiative-capture (n,) gamma-ray production data in ENDF/BVII.1 for these target nuclides.  This information is important for assessing heating limits from capture gammas for isotope production irradiations at the MURR.
	Total and partial radiative neutron-capture (n,) cross-section measurements from thermal to 20 MeV incident neutron energies.
	 
	 
	x
	x

	93Nb,115In: The total radiative thermal neutron-capture (n,) cross sections reported  using the k0 method are in conflict with adopted values in the Atlas of Neutron Resonances.  The IRDFF database values for 115In(n,) are also significantly discrepant with the Atlas value.  
	Verification of the total radiative thermal neutron-capture cross sections are required.  Standalone methodologies that do not require decay-scheme normalizations will be required for independent verification.
	x
	x
	x
	 

	23Na: New data are needed to resolve ambiguities and support evaluations for material damage studies.
	Total radiative neutron-capture (n,) data are discrepant in the fast neutron-energy region > 100 keV and new cross-section measurements are required.
	x
	x
	x
	 

	
	New (n,2n) cross-section measurements are required.
	x
	 
	x
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	55Mn,58Fe: New data are needed to resolve ambiguities and support evaluations for material damage studies.
	Total radiative neutron-capture (n,) cross section measurements are needed from 10 keV to 1 MeV.
	x
	x
	x
	 

	New data is needed to resolve ambiguities in the 10 keV to 1 MeV region for fast reactor neutrons to support evaluations for material damage studies.
	
	
	
	
	

	117Sn: Enhanced understanding of materials damage.
	Inelastic (n,n') cross sections (total and partial) are needed to cover the energy response function from 0.3-3.0 MeV.
	x
	x
	x
	 

	A≈143 Isotopes: New data for high-yield fission fragments are needed for accurate prediction of inventory in used nuclear fuel assemblies, development of better physics models for calculation-based nuclear forensic tools, and neutron resonance transmission analysis.
	Improved (n,f), (n,) thermal to fast, and (n,n') fast, cross-section measurements are required.
	x
	x
	x
	 

	Am and Cm isotopes, 237Np, 238Np, 239Np: Improved data are needed for determination of spent-fuel isotopics, such as production of 238Pu and 244Cm.
	Improved thermal neutron-capture radiative (n,) cross-section measurements will facilitate this goal.
	x
	x
	x
	 

	237Np, 238Np, 239Np : New data for determining spent-fuel isotopics as well assessing weapons-usable material production.
	Improved decay data, (n,f), and (n,n') cross sections in the fast region of the neutron spectrum are required
	x
	x
	x
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	U, Pu: Explosives detection diagnostics.
	Delayed neutron-emission spectroscopy measurements.
	 
	x
	x
	 

	U, Pu Fission Fragments: Better data is needed for enabling active interrogation technologies.
	Fission-product yields needed from photofission measurements.
	x
	x
	x
	 

	235U, 238U, 239Pu, 240Pu: New data is required to assess potential methods for photon production from NRF.
	Measurements of the (e,) electronic excitation cross section required from 0.5-4 MeV.
	x
	x
	x
	 

	13C: The National Ignition Facility (NIF) requires diagnostic information to infer the carbon ablator mix.  These data are required for programmatic work at LLNL.
	Inelastic (n,n') and radiative-capture (n,) cross sections are needed.
	x
	 
	 
	 

	124,136Xe: NIF diagnostics measurements at LLNL:.  Xe isotope tracers will measure the amount of ablator penetration into the fuel and identify its location in the ablator.  
	Accurate 124Xe(n,2n)123Xe and 136Xe(n,2n)135Xe cross sections are needed from fluence of 14-MeV neutrons.
	x
	 
	 
	 

	169Tm: High-threshold NIF activation diag.
	Greater precision 169Tm(n,3n)167Tm reaction cross section.
	x
	 
	 
	 

	209-206Bi: Better data is needed for high-threshold reactions such as 209Bi(n,4n), and 209Bi(n,xn), where x>4, to help resolve discrepancies between the TENDL-2012 and ENDF/B-VII.1 evaluations.  The level of discrepancy increases with x in (n,xn).  A high-threshold 209Bi(n,xn) reaction may also find application as a NIF diagnostic.
	Several high-accuracy cross-section measurements for 209Bi(n,xn) reactions are desirable.
	x
	 
	x
	Dosimetry
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	48Ti, 64Zn, 113In, 63Cu: New dosimetry measurements will help guide future IRDFF evaluations; the current dosimetry evaluations are discrepant for several reactions in the 14-MeV neutron-energy region.
	Improved dosimetry cross section data is needed near 14 MeV for the following reactions: 48Ti(n,x)47Sc; 64Zn(n,p)64Cu; 113In(n,n')113mIn; 63Cu(n,2n)62Cu.
	 
	 
	x
	Dosimetry

	Reactor Neutrinos: Nuclear reactors provide an intense source of neutrinos up to 10 MeV and permit the study of neutrino oscillations.  Two major problems are facing reactor-neutrino physics: (i) The short baseline reactor-neutrino anomaly which reveals a 6% deficit in the antineutrino flux at all short-baseline experiments; (ii) A shoulder (bump) observed at E=4.5-6.5 MeV in all current reactor neutrino experiments.  The evaluations in ENDF and JEFF give different predictions because yields for the important fission products are different.
	Improved experimental measurements of fission products that dominate the high-energy spectrum need to be measured to address these issues.
	 
	x
	x
	 

	130I, 135I: Accurate nuclear forensics relies on measuring actinide ratios in the debris.  Blocked cesium and iodine products retain fission information and can be used to determine whether the fuel is uranium and plutonium and if 14-MeV neutron-induced fission is involved.  
	The 130I and 135I thermal, fast, and 14-MeV fission yields need to be measured.
	x
	x
	x
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	192Ir is used in the high dose-rate brachytherapy.  
	Alternative production mechanisms: high energy protons on Platinum
	x
	x
	 
	x

	131I is used in the treatment of thyroid cancer.  
	Production rates may be investigated from        130Te(n,)131Te->131I; 130Te(d,p)131Te->131I; 130Te(d,n)131I.
	x
	x
	 
	x

	188Re is used for palliative care of metastatic bone disease.  
	Alternative production: 187Re(d,p)188Re.
	x
	x
	 
	x

	153Sm is used for palliative bone therapy.  
	Alternative production mechanisms require accurate data for the reaction cross section: 150Nd(a,n)153Sm.
	x
	x
	 
	x

	186Re is used for palliative bone therapy.  
	Alternative production mechanisms require accurate data for the reaction cross sections: 186W(p,n)186Re.
	x
	x
	 
	x

	90Y is used to treat liver cancer.  
	Alternative production mechanisms require accurate data for the reaction cross sections: 89Y(d,p).
	x
	x
	 
	x

	125I is commonly used in the treatment of prostate cancer.  
	Alternative production mechanisms require accurate data for the reaction cross sections: 125Te(p,n)125I.
	x
	x
	 
	x

	241Am: Used in well logging for hydrocarbon exploration.  For certain production mechanisms there is a proliferation risk which needs to be assessed owing to production of fissile 241Pu with much lower critical mass.
	Possible large-scale production investigated using the reaction 238U(,n)241Pu->
	 
	 
	 
	Industry

	
	241Am requires good knowledge of 238U(,n) cross section.
	
	
	
	



	Description of Problem 
	Nuclear data need
	NS
	Counter-Proliferation/Safeguards
	Energy
	Isotope Prod/Other

	Isotopes of these elements have been prioritized by Nonproliferation and Homeland Security funding agencies: H, Li, Be, B, N, O, Mg, Al, Si, Ti, V, Cr, Fe, Ni, Cu, Ga, Zr, Nb, Mo, Eu, Gd, Ta, W, Ir, Pt, Au, Pb, Po, Ra, Th, U, Np, Pu, Am:  Improved data and corresponding evaluations are required to meet the demands of several applications of societal interest, including: transport modeling of unknown assemblies, NDA to enable reliable accounting for SNM, detection of contraband substances and explosives, radiation shielding design and characterization, and institutionalizing a “Safeguards by Design” approach in the development of clean, cost-effective, proliferation-resistant nuclear reactor facilities, enrichment, fuel-fabrication and reprocessing plants.  Systematic experimental campaigns based on this set isotopes will greatly facilitate this need and are described, in turn.
	Precise -ray energy data and their corresponding total and partial radiative-capture (n,) cross sections, particularly for primary gamma rays, are needed for the EGAF library.  New measurements for separated isotopes are especially required from thermal incident neutron energies to 20 MeV.  These unique gamma-ray signatures are essential for ENDF to create complete and accurate libraries for nonproliferation applications predicated on credible high-fidelity data authentication.  A particular concern are the actinides for which there are no primaries in ENDF.
	x
	x
	c
	 

	Isotopes of these elements have been prioritized by Nonproliferation and Homeland Security funding agencies: H, Li, Be, B, N, O, Mg, Al, Si, Ti, V, Cr, Fe, Ni, Cu, Ga, Zr, Nb, Mo, Eu, Gd, Ta, W, Ir, Pt, Au, Pb, Po, Ra, Th, U, Np, Pu, Am:  Improved data and corresponding evaluations are required to meet the demands of several applications of societal interest, including: transport modeling of unknown assemblies, NDA to enable reliable accounting for SNM, detection of contraband substances and explosives, radiation shielding design and characterization, and institutionalizing a “Safeguards by Design” approach in the development of clean, cost-effective, proliferation-resistant nuclear reactor facilities, enrichment, fuel-fabrication and reprocessing plants.  Systematic experimental campaigns based on this set isotopes will greatly facilitate this need and are described, in turn.
	Improved inelastic scattering cross sections are needed over a wide range of neutron energies to provide data where none-to-little exists, and to meet targeted-accuracy application-driven uncertainty margins.  New measurements of total inelastic and partial cross sections to individual levels are required.  For many isotopes, there are considerable discrepancies between the evaluated data libraries and experimental information.
	x
	x
	x
	 

	Isotopes of these elements have been prioritized by Nonproliferation and Homeland Security funding agencies: H, Li, Be, B, N, O, Mg, Al, Si, Ti, V, Cr, Fe, Ni, Cu, Ga, Zr, Nb, Mo, Eu, Gd, Ta, W, Ir, Pt, Au, Pb, Po, Ra, Th, U, Np, Pu, Am:  Improved data and corresponding evaluations are required to meet the demands of several applications of societal interest, including: transport modeling of unknown assemblies, NDA to enable reliable accounting for SNM, detection of contraband substances and explosives, radiation shielding design and characterization, and institutionalizing a “Safeguards by Design” approach in the development of clean, cost-effective, proliferation-resistant nuclear reactor facilities, enrichment, fuel-fabrication and reprocessing plants.  Systematic experimental campaigns based on this set isotopes will greatly facilitate this need and are described, in turn.
	There is a need for new and improved NRF data over proton energies of 1-5 MeV. Photonuclear elastic scattering cross-section data and electronic excitation cross section data are also required.
	x
	x
	x
	 

	Numerous applications will be better served by targeted fission-data measurements, including: material characterization via neutron spectroscopy; spent fuel assay; post-detonation forensics-based fallout analysis; next generation safeguards.
	New measurements are required in the thermal to fast region to provide improved correlated particle-emission data from fission corresponding to fission-product yields and covariances, prompt fission neutron spectra, half lives, peak gamma-ray energies and corresponding branching ratios.
	x
	x
	x
	 

	16O: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Discrepancies of up to 30% in both measured and evaluated 16O(n,) are problematic for fission applications. These discrepancies impact criticality predictions for reactors and helium production rates.  New measurements are needed in the 2.5-20 MeV region to reduce uncertainties to within 5-10%.
	x
	x
	x
	 

	235U (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation. (continued)
	There are significant differences in evaluations in inelastic cross-section data from threshold to several MeV.  These differences impact fast-criticality measurements.  Differences exist in total and partial inelastic cross sections and angular distributions.  New measurements and modeling are needed.
	x
	x
	x
	 

	238U (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Significant discrepancies between cross-section libraries for both elastic and inelastic scattering and angular distributions need to be addressed.  Cross section differences are evident for total inelastic and partial cross sections to individual levels.  This may have a severe impact on calculated criticality for fast systems.  A global consensus on reactor sensitivity studies points to an urgent need for more accurate inelastic cross sections and angular distributions.
	x
	x
	x
	 

	235U (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation. (continued)
	Notable differences amongst the evaluations below 4 MeV for prompt average neutron multiplicty per fission.  Libraries provide markedly different representations at 3 MeV, the average neutron energy causing fission in 238U in critical assemblies.  This discrepancy has a clear impact on criticality calculations.
	x
	x
	x
	 

	239Pu: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Significant differences between evaluated data libraries for 239Pu in fast energy range for (n,inl).  New measurements are needed to determine (n,inl) cross sections and theoretical work is needed by Hauser-Feshbach practioners to better understand plutonium scattering reactions.
	x
	x
	Limited
	 

	239Pu: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Radiative-capture cross sections should be improved to meet the target accuracy requirements for advanced reactor systems.  New measurements and evaluations are needed from 2 keV to 1.5 MeV to reduced uncertainty down to 3-7% level (depending on region and reactor considerations).
	x
	x
	Limited
	 

	237Np; 233Pa:  Branching ratios for certain peak and x-ray energy measurements differ by 5-15% with those in NuDat.  Combining protactinium x-rays with uranium x-rays yields ratios approximately 30% higher than those in NuDat.
	Further experimental decay-spectroscopy measurements needed for verification.
	x
	x
	x
	 

	238Pu,240Pu, 241Pu, 242Pu, 244Cm: SF data is lacking to accurately model neutron characteristics of the advanced burner reactor fuel (ABR).
	Improved data concerning the 1st, 2nd, and 3rd factorial moments of the SF neutron multiplicity distribution, and of the neutron-induced fission neutron multiplicity distribution are needed.
	x
	x
	x
	 

	241Pu: Decay-spectroscopy data are lacking for accurate fuel-cycle analyses.
	Improved measurement of half-life required; contributes to 241Am in-growth.
	x
	x
	x
	 

	242Pu: Thermal neutron-capture radiative-capture (n,) cross section requires verification as several measurements are at odds with each other and the evaluated nuclear data libraries.  This isotope contributes significantly to the mass inventory of spent fuel in the uranium nuclear fuel cycle and may have implications concerning the amount of spent fuel in burnup calculations.
	Verification measurements of the total radiative thermal neutron-capture (n,) cross section are required.
	x
	x
	x
	 

	232Th,236U,236Pu,238Pu244Pu,250Cm,249Bk,246Cf,249Cf, 250Cf, 254Cf,253Es,244Fm,246Fm,254Fm, 252No:  Consensus values for average number of prompt neutrons (<v>) and prompt neutron multiplicity distributions (P) for these actinides are based on only 1 or 2 (max) SF measurements.  The errors on <v> for Fm are currently 25%, while Es is reported without uncertainty.  These quantities are important because it is unclear what actinides will be present in the ABR fuel after multiple cycles of the ABR.
	New verification and precision measurements of P and <v> are highly desirable.
	x
	x
	x
	 

	241Am, 243Cm, 245Cm: Neutron multiplicity data does not currently exist for these actinides.  Although these actinides have relatively small SF decay rates, and therefore negligible impact in modeling neutron emissions from ABR fuel, SF multiplicity data is essential for safeguarding fuel discharged from the ABR.
	New verification and precision measurements of P and <v> are highly desirable.
	x
	x
	x
	 

	243Cm, 245Cm, 237Np:  There is no neutron-induced fission neutron multiplicity data for these actinides that will be present in the ABR fuel.  This  hampers efforts to reliably model neutron emissions.
	Measurements of neutron-induced-fission neutron multiplicity are required.
	x
	x
	x
	 

	233U, 235U, 238U, 239Pu, 241Pu:  Very limited measured neutron-emission probability distribution data exist.  This data is needed to accurately model neutron emissions in the burnup fuel and also has importance for NDA techniques.
	Experimental measurements of neutron-emission probabilities are required as a function of incident neutron energy.
	x
	x
	x
	 

	Li, N, B, C, 16O,17O,18O, 19F, 23Na:  Nuclear materials that produce a much larger number of neutrons from (,n) reactions on light low-Z elements than from SF may cause biases in neutron-coincidence or multiplicity measurements due to the large number of accidental coincidences.  Improved (,n) cross sections are essential for background modeling in multiplicity measurements for SNM characterization, enrichment verification, and Pu oxide characterization at reprocessing facilities.  Not all (a,n) cross sections for these nuclei have uncertainties associated with them.
	New and improved measurements of (,n) cross sections as a function of incident alpha-particle energy from 0-10 MeV are essential.
	x
	x
	x
	 

	244Cm, 248Cm: Longer-lived alternatives over 252Cf as SF source for neutron-detector characterization for nonproliferation applications.  
	Improvements in correlated-fission particle-emission data and (,n) yields required.
	x
	x
	x
	 

	233U: High-quality data is needed for the fission-to-capture ratio for 233U to facilitate thorium-based reactor design.
	Measurements of neutron-induced fission and radiative capture are required to yield improved data for the (n,f)/(n,) ratio.
	x
	x
	x
	 

	Cd: New capture-gamma data is needed for safeguards instruments that use Cd to get flux ratios (e.g. PNAR, SINRD).
	Radiative-capture (n,) cross sections need improving from thermal to 20 MeV for all major Cd isotopes; enriched-sample measurements are required to provide desired cross-section information.  
	x
	x
	x
	 

	Gd, Pb: Total and partial cross sections from individual gamma transitions are necessary for applications in neutron radiography and prompt neutron gamma activation analysis.
	Radiative-capture (n,) cross sections need improving from thermal to 20 MeV for all major Gd and Pb isotopes; enriched-sample measurements required.
	x
	x
	x
	 

	92Mo,94Mo,95Mo, 96Mo,98Mo,99Mo,100Mo: New data is needed to assess HEU to LEU fuel conversion feasibility at the MURR facility and to predict recoverable capture energy for proposed U10Mo LEU matrix.  
	Total and partial radiative neutron-capture (n,) measurements from thermal to 10 MeV incident neutron energies in addition to photonuclear (,n) and neutron-induced (n,xn) cross-section measurements.
	x
	x
	x
	 

	93Nb,115In: The total radiative thermal neutron-capture (n,) cross sections reported  using the k0 method are in conflict with adopted values in the Atlas of Neutron Resonances.  The IRDFF database values for 115In(n,) are also significantly discrepant with the Atlas value.  
	Verification of the total radiative thermal neutron-capture cross sections are required.  Standalone methodologies that do not require decay-scheme normalizations will be required for independent verification.
	x
	x
	x
	 

	23Na: New data are needed to resolve ambiguities and support evaluations for material damage studies.
	Total radiative neutron-capture (n,) data are discrepant in the fast neutron-energy region > 100 keV and new cross-section measurements are required.
	x
	x
	x
	 

	55Mn,58Fe: New data are needed to resolve ambiguities and support evaluations for material damage studies. New data is needed to resolve ambiguities in the 10 keV to 1 MeV region for fast reactor neutrons to support evaluations for material damage studies.
	Total radiative neutron-capture (n,) cross section measurements are needed from 10 keV to 1 MeV.
	x
	x
	x
	 

	117Sn: Enhanced understanding of materials damage.
	Inelastic (n,n') cross sections (total and partial) are needed to cover the energy response function from 0.3-3.0 MeV.
	x
	x
	x
	 

	A≈143 Isotopes: New data for high-yield fission fragments are needed for accurate prediction of inventory in used nuclear fuel assemblies, development of better physics models for calculation-based nuclear forensic tools, and neutron resonance transmission analysis.
	Improved (n,f), (n,) thermal to fast, and (n,n') fast, cross-section measurements are required.
	x
	x
	x
	 

	Am and Cm isotopes, 237Np, 238Np, 239Np: Improved data are needed for determination of spent-fuel isotopics, such as production of 238Pu and 244Cm.
	Improved thermal neutron-capture radiative (n,) cross-section measurements will facilitate this goal.
	x
	x
	x
	 

	237Np, 238Np, 239Np : New data for determining spent-fuel isotopics as well assessing weapons-usable material production.
	Improved decay data, (n,f), and (n,n') cross sections in the fast region of the neutron spectrum are required
	x
	x
	x
	 

	U, Pu: Explosives detection diagnostics.
	Delayed neutron-emission spectroscopy measurements.
	 
	x
	x
	 

	U, Pu Fission Fragments: Better data is needed for enabling active interrogation technologies.
	Fission-product yields needed from photofission measurements.
	x
	x
	x
	 

	235U, 238U, 239Pu, 240Pu: New data is required to assess potential methods for photon production from NRF.
	Measurements of the (e,) electronic excitation cross section required from 0.5-4 MeV.
	x
	x
	x
	 

	130I, 135I: Accurate nuclear forensics relies on measuring actinide ratios in the debris.  Blocked cesium and iodine products retain fission information and can be used to determine whether the fuel is uranium and plutonium and if 14-MeV neutron-induced fission is involved.  
	The 130I and 135I thermal, fast, and 14-MeV fission yields need to be measured.
	x
	x
	x
	 

	192Ir is used in the high dose-rate brachytherapy.  
	Alternative production mechanisms: high energy protons on Platinum
	x
	x
	 
	x

	131I is used in the treatment of thyroid cancer.  
	Production rates may be investigated from        130Te(n,)131Te->131I; 130Te(d,p)131Te->131I; 130Te(d,n)131I.
	x
	x
	 
	x

	188Re is used for palliative care of metastatic bone disease.  
	Alternative production: 187Re(d,p)188Re.
	x
	x
	 
	x

	153Sm is used for palliative bone therapy.  
	Alternative production mechanisms require accurate data for the reaction cross section: 150Nd(a,n)153Sm.
	x
	x
	 
	x

	186Re is used for palliative bone therapy.  
	Alternative production mechanisms require accurate data for the reaction cross sections: 186W(p,n)186Re.
	x
	x
	 
	x

	90Y is used to treat liver cancer.  
	Alternative production mechanisms require accurate data for the reaction cross sections: 89Y(d,p).
	x
	x
	 
	x

	125I is commonly used in the treatment of prostate cancer.  
	Alternative production mechanisms require accurate data for the reaction cross sections: 125Te(p,n)125I.
	x
	x
	 
	x

	209-206Bi: Better data is needed for high-threshold reactions such as 209Bi(n,4n), and 209Bi(n,xn), where x>4, to help resolve discrepancies between the TENDL-2012 and ENDF/B-VII.1 evaluations.  The level of discrepancy increases with x in (n,xn).  A high-threshold 209Bi(n,xn) reaction may also find application as a NIF diagnostic.
	Several high-accuracy cross-section measurements for 209Bi(n,xn) reactions are desirable.
	x
	 
	x
	Dosimetry

	48Ti, 64Zn, 113In, 63Cu: New dosimetry measurements will help guide future IRDFF evaluations; the current dosimetry evaluations are discrepant for several reactions in the 14-MeV neutron-energy region.
	Improved dosimetry cross section data is needed near 14 MeV for the following reactions: 48Ti(n,x)47Sc; 64Zn(n,p)64Cu; 113In(n,n')113mIn; 63Cu(n,2n)62Cu.
	x
	 
	x
	Dosimetry

	56Fe: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Innovative reactor systems require improved inelastic scattering cross section data to meet target accuracy demands.  New measurements and evaluations are needed in the range 0.5-20 MeV to reduce uncertainty down to 2-10% (depending on region).  Substantial differences currently exist in the data libraries, e.g., below 2 MeV the differences between JEFF-3.1 and ENDF/B-VII.1 reaches 28%.
	x
	x
	 
	 

	56Fe: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Improved capture-gamma data from radiative neutron-capture required for nonproliferation applications (e.g. NDA screening): thermal – 20 MeV.  High-energy primary gamma rays are particularly important.
	x
	x
	 
	 

	56Fe: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Double-differential neutron- and proton-emission cross section, i.e. (n,xn) and (n,xp), data needed in 20-200 MeV range to develop pre-equilibrium models.
	x
	x
	 
	 

	235U: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Radiative-capture data is poorly known in many regions and new (n,) measurements are needed for verification. The recent JENDL-4.0 evaluation lowered the cross section by over 25% in the 0.5-2 keV region.  ENDF and JEFF libraries are also at odds with JENDL in the 3-5 keV region, and for 100-1000 keV.  All evaluations need improving in the 10-70 keV region and recent findings suggest a lower capture cross section in the 100 eV to 2 keV region.
	x
	x
	 
	 

	235U (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation. (continued)
	Discrepant data evaluations for prompt and total neutron-multiplicities at 10-15 MeV indicate that new measurements and covariance analyses are needed. There are slight differences for total-thermal neutron multiplicities.  
	x
	x
	 
	 

	235U (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation. (continued)
	Improved capture-gamma data from radiative neutron-capture required for nonproliferation applications (e.g. NDA screening): thermal – 20 MeV.  Experimental high-energy primary gamma rays are particularly important; currently this information is nonexistent in the ENDF libraries.  Assess HEU to LEU conversion analysis.
	x
	x
	 
	 

	235U (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation. (continued)
	Improved capture-gamma data from radiative neutron-capture required for nonproliferation applications (e.g. NDA screening): thermal – 20 MeV.  Experimental high-energy primary gamma rays are particularly important; currently this information is nonexistent in the ENDF libraries.  Assess HEU to LEU conversion analysis.
	x
	x
	 
	 

	239Pu: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Improved capture-gamma data from radiative neutron-capture required for nonproliferation applications (e.g. NDA screening): thermal – 20 MeV.  Experimental high-energy primary gamma rays are particularly important; currently this information is nonexistent in the ENDF libraries.  Currently there exists only one measurement in the 200 keV – 1 MeV region.  Reaction theory will also be needed for cross-section evaluations owing to the paucity of data above 100 keV.
	x
	x
	 
	 

	239Pu (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Criticality deviations between prediction and measurement could point to possible deficiencies in the PFNS as well as (n,2n) cross sections.  Deviations are particularly pronounced for outgoing neutron energies above 10 MeV and would benefit from further studies in this region.
	x
	x
	 
	 

	239Pu: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Evaluated total thermal neutron multiplicity value in data libraries are more than one standard deviation lower than the evaluated constant.  This discrepancy needs to be addressed.
	 
	x
	x
	 

	Reactor Neutrinos: Nuclear reactors provide an intense source of neutrinos up to 10 MeV and permit the study of neutrino oscillations.  Two major problems are facing reactor-neutrino physics: (i) The short baseline reactor-neutrino anomaly which reveals a 6% deficit in the antineutrino flux at all short-baseline experiments; (ii) A shoulder (bump) observed at E=4.5-6.5 MeV in all current reactor neutrino experiments.  The evaluations in ENDF and JEFF give different predictions because yields for the important fission products are different.
	Improved experimental measurements of fission products that dominate the high-energy spectrum need to be measured to address these issues.
	 
	x
	x
	 

	Te,Ru,103Rh,154Eu,155Eu,141Ce,140Ce,Sn: There is no radiative-capture (n,) gamma-ray production data in ENDF/BVII.1 for these target nuclides.  This information is important for assessing heating limits from capture gammas for isotope production irradiations at the MURR.
	Total and partial radiative neutron-capture (n,) cross-section measurements from thermal to 20 MeV incident neutron energies.
	 
	 
	x
	x

	1H: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Precision determination (1-2%) of both total and double-differential elastic scattering cross sections at high-incident neutron energies (10-20 MeV) with emphasis on data at small cm scattering angles.
	x
	 
	x
	 

	235U (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation. (continued)
	Integral validation of the prompt-fission neutron spectrum (PFNS) for fast criticality assemblies using the (n,2n) reaction.  Future work is needed to understand the differences between results from LANL and CEA in France.  Better understanding of shape of PFNS is desirable.
	x
	 
	x
	 

	235U (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation. (continued)
	Discrepancies between ENDF/B-VII evaluations and IAEA-WPEC-CSEWG standards need to be resolved for radiative-capture (RC) in 20-100 keV region.  Uncertainties in RC cross section need to be reduced to 1-3% from 20 eV to 25 keV for innovative reactor design.  New measurements are needed to improve understanding of RC cross section from a 1-105 eV.
	x
	 
	x
	 

	239Pu: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Resonance-parameter analyses to improve modeling of plutonium-solution critical assemblies and angular distribution measurements from resonance fission neutrons for high-fidelity criticality simulations.
	x
	 
	Limited
	 

	252Cf: Validation data are needed for several reactions for the 252Cf SF Standard Neutron Benchmark Field.  
	Cross section data which are currently lacking for this standard include: 238U(n,), 58Fe(n,), 45Sc(n,), 64Zn(n,p), 31P(n,p), 10B(n,x)a, 54Fe(n,), 23Na(n,2n), 186W(n,), 115In(n,n'), 54Fe(n,2n), 75As(n,2n).  Cross section data with large discrepancies: 232Th(n,f), 238U(n,2n).
	x
	 
	x
	 

	252Cf: There are also some known existing issues for the following reaction cross sections pertaining to the 252Cf SF standard: 197Au(n,) due to room-return neutrons; 90Zr(n,2n) due to thorium contamination; 96Zr(n,2n) due to contribution from 94Zr(n,).
	Greater accuracy is needed for cross-section measurements for the following reactions to help resolve ambiguities: 197Au(n,), 90Zr(n,2n), and 96Zr(n,2n).
	x
	 
	x
	 

	235U: Validation data are needed for several reactions for the 235U thermal fission Reference Neutron Benchmark Field.  
	Cross section data which are currently lacking for this standard include: 45Sc(n,), 93Nb(n,), 58Fe(n,), 109Ag(n,), 115In(n,2n), 65Cu(n,2n), 52Cr(n,2n), 23Na(n,2n), 46Ti(n,2n), 54Fe(n,2n), 59Co(n,3n), 186W(n,).  Cross section data with large discrepancies: 103Rh(n,n'), 63Cu(n,), 58Ni(n,2n), 238U(n,), 169Tm(n,2n), 55Mn(n,2n).
	x
	 
	x
	 

	235U: It is important to compare calculated (C) and experimentally-measured (E) keff to advance evaluated library accuracy.  Deviations from C/E=1 could point to (n,2n) cross section and/or PFNS deficiencies.  Cross-section data for several high-threshold reactions are needed to establish consistency between ENDF/B-VI and measured values for the 235U (nth,f) Reference Neutron Benchmark Field.
	Calculated and experimentally-measured cross section ratios (C/E) that deviate significantly from unity, or have very high associated uncertainties, and require improved keff data: 63Cu(n,2n), 58Ni(n,2n), 90Zr(n,2n), 127I(n,2n), 93Nb(n,2n), 48Ti(n,p), 56Fe(n,p), 32S(n,p), 64Zn(n,p), 27Al(n,p), 24Mg(n,p), 27Al(n), 19F(n,2n), 59Co(n,2n), 55Mn(n,2n), 63Cu(n,), 51V(n,p), 46Ti(n,p), 47Ti(n,p).
	x
	 
	x
	 

	109Ag, 232Th, 235U, 238U: Validation data in the 30-keV Maxwellian Averaged Cross Section (MACS) neutron field are lacking.
	Radiative-capture (n,) cross-section measurements needed at 30-keV incident neutron energy.
	x
	 
	x
	 

	103mRh, 140La: For improved IRDFF evaluations, improved electromagnetic emission-probability data are needed.
	X-ray emission probability measurements around 20 keV in 103mRh.  LEPS measurements required.
	x
	 
	x
	 

	For improved IRDFF evaluations, improved electromagnetic emission-probability data are needed.
	Gamma-ray intensities for all lines below 1596 keV in 140La.  Radiative-capture 139La(n,) studies will greatly facilitate this need.
	x
	 
	x
	 

	For improved IRDFF evaluations, improved electromagnetic emission-probability data are needed.
	Gamma-ray intensities for transitions at around 473.5 and 685.8 keV in 187W.  Radiative 186W(n,) studies will greatly facilitate this need.
	x
	 
	x
	 

	23Na: New data are needed to resolve ambiguities and support evaluations for material damage studies.
	New (n,2n) cross-section measurements are required.
	x
	 
	x
	 

	16O: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Improved capture-gamma data from radiative neutron-capture required for nonproliferation applications (e.g. NDA screening): thermal – 20 MeV.  High-energy primary gamma rays are particularly important
	x
	 
	 
	 

	16O: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Better radiative-capture data at 30 keV will also benefit nuclear astrophysics applications.
	 
	 
	 
	DOE/SC

	16O: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Thermal elastic scattering cross sections in libraries are discrepant with experimental data; possibly due to Doppler broadening (often neglected) but may have a 3% effect at room temperature.  High-accuracy measurement and R-Matrix analyses needed.
	x
	 
	 
	 

	56Fe: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Alpha-particle cluster emission via (n,) reaction during pre-equilibrium. Further high-energy (n,) cross-section measurements may be useful for verification and validation of the data libraries because gas production in structural materials causes serious embrittlement problems in reactors.
	 
	x
	 
	 

	Li, N, B, C, 16O,17O,18O, 19F, 23Na: Inelastic cross-section data for low-Z elements are needed for explosives detection.
	Inelastic (n,n') cross section measurements at energies >1.5 MeV, 2.5 MeV, and 14.1 MeV are required.
	x
	 
	 
	 

	13C: The National Ignition Facility (NIF) requires diagnostic information to infer the carbon ablator mix.  These data are required for programmatic work at LLNL.
	Inelastic (n,n') and radiative-capture (n,) cross sections are needed.
	x
	 
	 
	 

	124,136Xe: NIF diagnostics measurements at LLNL:.  Xe isotope tracers will measure the amount of ablator penetration into the fuel and identify its location in the ablator.  
	Accurate 124Xe(n,2n)123Xe and 136Xe(n,2n)135Xe cross sections are needed from fluence of 14-MeV neutrons.
	x
	 
	 
	 

	169Tm: High-threshold NIF activation diag.
	Greater precision 169Tm(n,3n)167Tm reaction cross section.
	x
	 
	 
	 

	241Am: Used in well logging for hydrocarbon exploration.  For certain production mechanisms there is a proliferation risk which needs to be assessed owing to production of fissile 241Pu with much lower critical mass.
	Possible large-scale production investigated using the reaction 238U(,n)241Pu->241Am requires good knowledge of 238U(a,n) cross section.
	 
	 
	 
	Industry



	Description of Problem 
	Nuclear data need
	NS
	Counter-Proliferation/Safeguards
	Energy
	Isotope Prod/Other

	Isotopes of these elements have been prioritized by Nonproliferation and Homeland Security funding agencies: H, Li, Be, B, N, O, Mg, Al, Si, Ti, V, Cr, Fe, Ni, Cu, Ga, Zr, Nb, Mo, Eu, Gd, Ta, W, Ir, Pt, Au, Pb, Po, Ra, Th, U, Np, Pu, Am:  Improved data and corresponding evaluations are required to meet the demands of several applications of societal interest, including: transport modeling of unknown assemblies, NDA to enable reliable accounting for SNM, detection of contraband substances and explosives, radiation shielding design and characterization, and institutionalizing a “Safeguards by Design” approach in the development of clean, cost-effective, proliferation-resistant nuclear reactor facilities, enrichment, fuel-fabrication and reprocessing plants.  Systematic experimental campaigns based on this set isotopes will greatly facilitate this need and are described, in turn.
	Precise -ray energy data and their corresponding total and partial radiative-capture (n,) cross sections, particularly for primary gamma rays, are needed for the EGAF library.  New measurements for separated isotopes are especially required from thermal incident neutron energies to 20 MeV.  These unique gamma-ray signatures are essential for ENDF to create complete and accurate libraries for nonproliferation applications predicated on credible high-fidelity data authentication.  A particular concern are the actinides for which there are no primaries in ENDF.
	x
	x
	x
	 

	Isotopes of these elements have been prioritized by Nonproliferation and Homeland Security funding agencies: H, Li, Be, B, N, O, Mg, Al, Si, Ti, V, Cr, Fe, Ni, Cu, Ga, Zr, Nb, Mo, Eu, Gd, Ta, W, Ir, Pt, Au, Pb, Po, Ra, Th, U, Np, Pu, Am:  Improved data and corresponding evaluations are required to meet the demands of several applications of societal interest, including: transport modeling of unknown assemblies, NDA to enable reliable accounting for SNM, detection of contraband substances and explosives, radiation shielding design and characterization, and institutionalizing a “Safeguards by Design” approach in the development of clean, cost-effective, proliferation-resistant nuclear reactor facilities, enrichment, fuel-fabrication and reprocessing plants.  Systematic experimental campaigns based on this set isotopes will greatly facilitate this need and are described, in turn.
	Improved inelastic scattering cross sections are needed over a wide range of neutron energies to provide data where none-to-little exists, and to meet targeted-accuracy application-driven uncertainty margins.  New measurements of total inelastic and partial cross sections to individual levels are required.  For many isotopes, there are considerable discrepancies between the evaluated data libraries and experimental information.
	x
	x
	x
	 

	Isotopes of these elements have been prioritized by Nonproliferation and Homeland Security funding agencies: H, Li, Be, B, N, O, Mg, Al, Si, Ti, V, Cr, Fe, Ni, Cu, Ga, Zr, Nb, Mo, Eu, Gd, Ta, W, Ir, Pt, Au, Pb, Po, Ra, Th, U, Np, Pu, Am:  Improved data and corresponding evaluations are required to meet the demands of several applications of societal interest, including: transport modeling of unknown assemblies, NDA to enable reliable accounting for SNM, detection of contraband substances and explosives, radiation shielding design and characterization, and institutionalizing a “Safeguards by Design” approach in the development of clean, cost-effective, proliferation-resistant nuclear reactor facilities, enrichment, fuel-fabrication and reprocessing plants.  Systematic experimental campaigns based on this set isotopes will greatly facilitate this need and are described, in turn.
	There is a need for new and improved NRF data over proton energies of 1-5 MeV. Photonuclear elastic scattering cross-section data and electronic excitation cross section data are also required.
	x
	x
	x
	 

	Numerous applications will be better served by targeted fission-data measurements, including: material characterization via neutron spectroscopy; spent fuel assay; post-detonation forensics-based fallout analysis; next generation safeguards.
	New measurements are required in the thermal to fast region to provide improved correlated particle-emission data from fission corresponding to fission-product yields and covariances, prompt fission neutron spectra, half lives, peak gamma-ray energies and corresponding branching ratios.
	x
	x
	x
	 

	1H: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Precision determination (1-2%) of both total and double-differential elastic scattering cross sections at high-incident neutron energies (10-20 MeV) with emphasis on data at small cm scattering angles.
	x
	 
	x
	 

	16O: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Discrepancies of up to 30% in both measured and evaluated 16O(n,) are problematic for fission applications. These discrepancies impact criticality predictions for reactors and helium production rates.  New measurements are needed in the 2.5-20 MeV region to reduce uncertainties to within 5-10%.
	x
	x
	x
	 

	16O: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Improved capture-gamma data from radiative neutron-capture required for nonproliferation applications (e.g. NDA screening): thermal – 20 MeV.  High-energy primary gamma rays are particularly important
	x
	 
	 
	 

	16O: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Better radiative-capture data at 30 keV will also benefit nuclear astrophysics applications.
	 
	 
	 
	DOE/SC

	16O: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Thermal elastic scattering cross sections in libraries are discrepant with experimental data; possibly due to Doppler broadening (often neglected) but may have a 3% effect at room temperature.  High-accuracy measurement and R-Matrix analyses needed.
	x
	 
	 
	 

	56Fe: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Innovative reactor systems require improved inelastic scattering cross section data to meet target accuracy demands.  New measurements and evaluations are needed in the range 0.5-20 MeV to reduce uncertainty down to 2-10% (depending on region).  Substantial differences currently exist in the data libraries, e.g., below 2 MeV the differences between JEFF-3.1 and ENDF/B-VII.1 reaches 28%.
	x
	x
	 
	 

	56Fe: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Improved capture-gamma data from radiative neutron-capture required for nonproliferation applications (e.g. NDA screening): thermal – 20 MeV.  High-energy primary gamma rays are particularly important.
	x
	x
	 
	 

	56Fe: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Double-differential neutron- and proton-emission cross section, i.e. (n,xn) and (n,xp), data needed in 20-200 MeV range to develop pre-equilibrium models.
	x
	x
	 
	 

	56Fe: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Alpha-particle cluster emission via (n,) reaction during pre-equilibrium. Further high-energy (n,) cross-section measurements may be useful for verification and validation of the data libraries because gas production in structural materials causes serious embrittlement problems in reactors.
	 
	x
	 
	 

	235U: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Radiative-capture data is poorly known in many regions and new (n,) measurements are needed for verification. The recent JENDL-4.0 evaluation lowered the cross section by over 25% in the 0.5-2 keV region.  ENDF and JEFF libraries are also at odds with JENDL in the 3-5 keV region, and for 100-1000 keV.  All evaluations need improving in the 10-70 keV region and recent findings suggest a lower capture cross section in the 100 eV to 2 keV region.
	x
	x
	 
	 

	235U (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation. (continued)
	There are significant differences in evaluations in inelastic cross-section data from threshold to several MeV.  These differences impact fast-criticality measurements.  Differences exist in total and partial inelastic cross sections and angular distributions.  New measurements and modeling are needed.
	x
	x
	x
	 

	235U (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation. (continued)
	Discrepant data evaluations for prompt and total neutron-multiplicities at 10-15 MeV indicate that new measurements and covariance analyses are needed. There are slight differences for total-thermal neutron multiplicities.  
	x
	x
	 
	 

	235U (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation. (continued)
	Integral validation of the prompt-fission neutron spectrum (PFNS) for fast criticality assemblies using the (n,2n) reaction.  Future work is needed to understand the differences between results from LANL and CEA in France.  Better understanding of shape of PFNS is desirable.
	x
	 
	x
	 

	235U (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation. (continued)
	Improved capture-gamma data from radiative neutron-capture required for nonproliferation applications (e.g. NDA screening): thermal – 20 MeV.  Experimental high-energy primary gamma rays are particularly important; currently this information is nonexistent in the ENDF libraries.  Assess HEU to LEU conversion analysis.
	x
	x
	 
	 

	235U (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation. (continued)
	Discrepancies between ENDF/B-VII evaluations and IAEA-WPEC-CSEWG standards need to be resolved for radiative-capture (RC) in 20-100 keV region.  Uncertainties in RC cross section need to be reduced to 1-3% from 20 eV to 25 keV for innovative reactor design.  New measurements are needed to improve understanding of RC cross section from a 1-105 eV.
	x
	 
	x
	 

	238U (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Significant discrepancies between cross-section libraries for both elastic and inelastic scattering and angular distributions need to be addressed.  Cross section differences are evident for total inelastic and partial cross sections to individual levels.  This may have a severe impact on calculated criticality for fast systems.  A global consensus on reactor sensitivity studies points to an urgent need for more accurate inelastic cross sections and angular distributions.
	x
	x
	x
	 

	235U (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation. (continued)
	Notable differences amongst the evaluations below 4 MeV for prompt average neutron multiplicty per fission.  Libraries provide markedly different representations at 3 MeV, the average neutron energy causing fission in 238U in critical assemblies.  This discrepancy has a clear impact on criticality calculations.
	x
	x
	x
	 

	235U (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation. (continued)
	Improved capture-gamma data from radiative neutron-capture required for nonproliferation applications (e.g. NDA screening): thermal – 20 MeV.  Experimental high-energy primary gamma rays are particularly important; currently this information is nonexistent in the ENDF libraries.  Assess HEU to LEU conversion analysis.
	x
	x
	 
	 

	239Pu: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Resonance-parameter analyses to improve modeling of plutonium-solution critical assemblies and angular distribution measurements from resonance fission neutrons for high-fidelity criticality simulations.
	x
	 
	Limited
	 

	239Pu: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Significant differences between evaluated data libraries for 239Pu in fast energy range for (n,inl).  New measurements are needed to determine (n,inl) cross sections and theoretical work is needed by Hauser-Feshbach practioners to better understand plutonium scattering reactions.
	x
	x
	Limited
	 

	239Pu: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Radiative-capture cross sections should be improved to meet the target accuracy requirements for advanced reactor systems.  New measurements and evaluations are needed from 2 keV to 1.5 MeV to reduced uncertainty down to 3-7% level (depending on region and reactor considerations).
	x
	x
	Limited
	 

	239Pu: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Improved capture-gamma data from radiative neutron-capture required for nonproliferation applications (e.g. NDA screening): thermal – 20 MeV.  Experimental high-energy primary gamma rays are particularly important; currently this information is nonexistent in the ENDF libraries.  Currently there exists only one measurement in the 200 keV – 1 MeV region.  Reaction theory will also be needed for cross-section evaluations owing to the paucity of data above 100 keV.
	x
	x
	 
	 

	239Pu: CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Evaluated total thermal neutron multiplicity value in data libraries are more than one standard deviation lower than the evaluated constant.  This discrepancy needs to be addressed.
	 
	x
	x
	 

	239Pu (continued): CIELO high-priority nucleus.  Improved evaluated nuclear data needed to create accurate ENDF-formatted files for general purpose transport applications, e.g., criticality, shielding, activation.
	Criticality deviations between prediction and measurement could point to possible deficiencies in the PFNS as well as (n,2n) cross sections.  Deviations are particularly pronounced for outgoing neutron energies above 10 MeV and would benefit from further studies in this region.
	x
	x
	 
	 

	237Np; 233Pa:  Branching ratios for certain peak and x-ray energy measurements differ by 5-15% with those in NuDat.  Combining protactinium x-rays with uranium x-rays yields ratios approximately 30% higher than those in NuDat.
	Further experimental decay-spectroscopy measurements needed for verification.
	x
	x
	x
	 

	238Pu,240Pu, 241Pu, 242Pu, 244Cm: SF data is lacking to accurately model neutron characteristics of the advanced burner reactor fuel (ABR).
	Improved data concerning the 1st, 2nd, and 3rd factorial moments of the SF neutron multiplicity distribution, and of the neutron-induced fission neutron multiplicity distribution are needed.
	x
	x
	x
	 

	241Pu: Decay-spectroscopy data are lacking for accurate fuel-cycle analyses.
	Improved measurement of half-life required; contributes to 241Am in-growth.
	x
	x
	x
	 

	242Pu: Thermal neutron-capture radiative-capture (n,) cross section requires verification as several measurements are at odds with each other and the evaluated nuclear data libraries.  This isotope contributes significantly to the mass inventory of spent fuel in the uranium nuclear fuel cycle and may have implications concerning the amount of spent fuel in burnup calculations.
	Verification measurements of the total radiative thermal neutron-capture (n,) cross section are required.
	x
	x
	x
	 

	232Th,236U,236Pu,238Pu244Pu,250Cm,249Bk,246Cf,249Cf, 250Cf, 254Cf,253Es,244Fm,246Fm,254Fm, 252No:  Consensus values for average number of prompt neutrons (<v>) and prompt neutron multiplicity distributions (P) for these actinides are based on only 1 or 2 (max) SF measurements.  The errors on <v> for Fm are currently 25%, while Es is reported without uncertainty.  These quantities are important because it is unclear what actinides will be present in the ABR fuel after multiple cycles of the ABR.
	New verification and precision measurements of P and <v> are highly desirable.
	x
	x
	x
	 

	241Am, 243Cm, 245Cm: Neutron multiplicity data does not currently exist for these actinides.  Although these actinides have relatively small SF decay rates, and therefore negligible impact in modeling neutron emissions from ABR fuel, SF multiplicity data is essential for safeguarding fuel discharged from the ABR.
	New verification and precision measurements of P and <v> are highly desirable.
	x
	x
	x
	 

	243Cm, 245Cm, 237Np:  There is no neutron-induced fission neutron multiplicity data for these actinides that will be present in the ABR fuel.  This  hampers efforts to reliably model neutron emissions.
	Measurements of neutron-induced-fission neutron multiplicity are required.
	x
	x
	x
	 

	233U, 235U, 238U, 239Pu, 241Pu:  Very limited measured neutron-emission probability distribution data exist.  This data is needed to accurately model neutron emissions in the burnup fuel and also has importance for NDA techniques.
	Experimental measurements of neutron-emission probabilities are required as a function of incident neutron energy.
	x
	x
	x
	 

	Li, N, B, C, 16O,17O,18O, 19F, 23Na:
	New and improved measurements of (,n) cross sections as a function of incident alpha-particle energy from 0-10 MeV are essential.
	x
	x
	x
	 

	Li, N, B, C, 16O,17O,18O, 19F, 23Na:  Nuclear materials that produce a much larger number of neutrons from (,n) reactions on light low-Z elements than from SF may cause biases in neutron-coincidence or multiplicity measurements due to the large number of accidental coincidences.  Improved (,n) cross sections are essential for background modeling in multiplicity measurements for SNM characterization, enrichment verification, and Pu oxide characterization at reprocessing facilities.  Not all (a,n) cross sections for these nuclei have uncertainties associated with them.
	New and improved measurements of (,n) cross sections as a function of incident alpha-particle energy from 0-10 MeV are essential.
	x
	x
	x
	 

	Li, N, B, C, 16O,17O,18O, 19F, 23Na: Inelastic cross-section data for low-Z elements are needed for explosives detection.
	Inelastic (n,n') cross section measurements at energies >1.5 MeV, 2.5 MeV, and 14.1 MeV are required.
	x
	 
	 
	 

	244Cm, 248Cm: Longer-lived alternatives over 252Cf as SF source for neutron-detector characterization for nonproliferation applications.  
	Improvements in correlated-fission particle-emission data and (,n) yields required.
	x
	x
	x
	 

	233U: High-quality data is needed for the fission-to-capture ratio for 233U to facilitate thorium-based reactor design.
	Measurements of neutron-induced fission and radiative capture are required to yield improved data for the (n,f)/(n,) ratio.
	x
	x
	x
	 

	252Cf: Validation data are needed for several reactions for the 252Cf SF Standard Neutron Benchmark Field.  
	Cross section data which are currently lacking for this standard include: 238U(n,), 58Fe(n,), 45Sc(n,), 64Zn(n,p), 31P(n,p), 10B(n,x)a, 54Fe(n,), 23Na(n,2n), 186W(n,), 115In(n,n'), 54Fe(n,2n), 75As(n,2n).  Cross section data with large discrepancies: 232Th(n,f), 238U(n,2n).
	x
	 
	x
	 

	252Cf: There are also some known existing issues for the following reaction cross sections pertaining to the 252Cf SF standard: 197Au(n,) due to room-return neutrons; 90Zr(n,2n) due to thorium contamination; 96Zr(n,2n) due to contribution from 94Zr(n,).
	Greater accuracy is needed for cross-section measurements for the following reactions to help resolve ambiguities: 197Au(n,), 90Zr(n,2n), and 96Zr(n,2n).
	x
	 
	x
	 

	235U: Validation data are needed for several reactions for the 235U thermal fission Reference Neutron Benchmark Field.  
	Cross section data which are currently lacking for this standard include: 45Sc(n,), 93Nb(n,), 58Fe(n,), 109Ag(n,), 115In(n,2n), 65Cu(n,2n), 52Cr(n,2n), 23Na(n,2n), 46Ti(n,2n), 54Fe(n,2n), 59Co(n,3n), 186W(n,).  Cross section data with large discrepancies: 103Rh(n,n'), 63Cu(n,), 58Ni(n,2n), 238U(n,), 169Tm(n,2n), 55Mn(n,2n).
	x
	 
	x
	 

	235U: It is important to compare calculated (C) and experimentally-measured (E) keff to advance evaluated library accuracy.  Deviations from C/E=1 could point to (n,2n) cross section and/or PFNS deficiencies.  Cross-section data for several high-threshold reactions are needed to establish consistency between ENDF/B-VI and measured values for the 235U (nth,f) Reference Neutron Benchmark Field.
	Calculated and experimentally-measured cross section ratios (C/E) that deviate significantly from unity, or have very high associated uncertainties, and require improved keff data: 63Cu(n,2n), 58Ni(n,2n), 90Zr(n,2n), 127I(n,2n), 93Nb(n,2n), 48Ti(n,p), 56Fe(n,p), 32S(n,p), 64Zn(n,p), 27Al(n,p), 24Mg(n,p), 27Al(n), 19F(n,2n), 59Co(n,2n), 55Mn(n,2n), 63Cu(n,), 51V(n,p), 46Ti(n,p), 47Ti(n,p).
	x
	 
	x
	 

	109Ag, 232Th, 235U, 238U: Validation data in the 30-keV Maxwellian Averaged Cross Section (MACS) neutron field are lacking.
	Radiative-capture (n,) cross-section measurements needed at 30-keV incident neutron energy.
	x
	 
	x
	 

	103mRh, 140La: For improved IRDFF evaluations, improved electromagnetic emission-probability data are needed.
	X-ray emission probability measurements around 20 keV in 103mRh.  LEPS measurements required.
	x
	 
	x
	 

	For improved IRDFF evaluations, improved electromagnetic emission-probability data are needed.
	Gamma-ray intensities for all lines below 1596 keV in 140La.  Radiative-capture 139La(n,) studies will greatly facilitate this need.
	x
	 
	x
	 

	For improved IRDFF evaluations, improved electromagnetic emission-probability data are needed.
	Gamma-ray intensities for transitions at around 473.5 and 685.8 keV in 187W.  Radiative 186W(n,) studies will greatly facilitate this need.
	x
	 
	x
	 

	Cd: New capture-gamma data is needed for safeguards instruments that use Cd to get flux ratios (e.g. PNAR, SINRD).
	Radiative-capture (n,) cross sections need improving from thermal to 20 MeV for all major Cd isotopes; enriched-sample measurements are required to provide desired cross-section information.  
	x
	x
	x
	 

	Gd, Pb: Total and partial cross sections from individual gamma transitions are necessary for applications in neutron radiography and prompt neutron gamma activation analysis.
	Radiative-capture (n,) cross sections need improving from thermal to 20 MeV for all major Gd and Pb isotopes; enriched-sample measurements required.
	x
	x
	x
	 

	92Mo,94Mo,95Mo, 96Mo,98Mo,99Mo,100Mo: New data is needed to assess HEU to LEU fuel conversion feasibility at the MURR facility and to predict recoverable capture energy for proposed U10Mo LEU matrix.  
	Total and partial radiative neutron-capture (n,) measurements from thermal to 10 MeV incident neutron energies in addition to photonuclear (,n) and neutron-induced (n,xn) cross-section measurements.
	x
	x
	x
	 

	Te,Ru,103Rh,154Eu,155Eu,141Ce,140Ce,Sn: There is no radiative-capture (n,) gamma-ray production data in ENDF/BVII.1 for these target nuclides.  This information is important for assessing heating limits from capture gammas for isotope production irradiations at the MURR.
	Total and partial radiative neutron-capture (n,) cross-section measurements from thermal to 20 MeV incident neutron energies.
	 
	 
	x
	x

	93Nb,115In: The total radiative thermal neutron-capture (n,) cross sections reported  using the k0 method are in conflict with adopted values in the Atlas of Neutron Resonances.  The IRDFF database values for 115In(n,) are also significantly discrepant with the Atlas value.  
	Verification of the total radiative thermal neutron-capture cross sections are required.  Standalone methodologies that do not require decay-scheme normalizations will be required for independent verification.
	x
	x
	x
	 

	23Na: New data are needed to resolve ambiguities and support evaluations for material damage studies.
	Total radiative neutron-capture (n,) data are discrepant in the fast neutron-energy region > 100 keV and new cross-section measurements are required.
	x
	x
	x
	 

	23Na: New data are needed to resolve ambiguities and support evaluations for material damage studies.
	New (n,2n) cross-section measurements are required.
	x
	 
	x
	 

	55Mn,58Fe: New data are needed to resolve ambiguities and support evaluations for material damage studies. New data is needed to resolve ambiguities in the 10 keV to 1 MeV region for fast reactor neutrons to support evaluations for material damage studies.
	Total radiative neutron-capture (n,) cross section measurements are needed from 10 keV to 1 MeV.
	x
	x
	x
	 

	117Sn: Enhanced understanding of materials damage.
	Inelastic (n,n') cross sections (total and partial) are needed to cover the energy response function from 0.3-3.0 MeV.
	x
	x
	x
	 

	A≈143 Isotopes: New data for high-yield fission fragments are needed for accurate prediction of inventory in used nuclear fuel assemblies, development of better physics models for calculation-based nuclear forensic tools, and neutron resonance transmission analysis.
	Improved (n,f), (n,) thermal to fast, and (n,n') fast, cross-section measurements are required.
	x
	x
	x
	 

	Am and Cm isotopes, 237Np, 238Np, 239Np: Improved data are needed for determination of spent-fuel isotopics, such as production of 238Pu and 244Cm.
	Improved thermal neutron-capture radiative (n,) cross-section measurements will facilitate this goal.
	x
	x
	x
	 

	237Np, 238Np, 239Np : New data for determining spent-fuel isotopics as well assessing weapons-usable material production.
	Improved decay data, (n,f), and (n,n') cross sections in the fast region of the neutron spectrum are required
	x
	x
	x
	 

	U, Pu: Explosives detection diagnostics.
	Delayed neutron-emission spectroscopy measurements.
	 
	x
	x
	 

	U, Pu Fission Fragments: Better data is needed for enabling active interrogation technologies.
	Fission-product yields needed from photofission measurements.
	x
	x
	x
	 

	235U, 238U, 239Pu, 240Pu: New data is required to assess potential methods for photon production from NRF.
	Measurements of the (e,) electronic excitation cross section required from 0.5-4 MeV.
	x
	x
	x
	 

	13C: The National Ignition Facility (NIF) requires diagnostic information to infer the carbon ablator mix.  These data are required for programmatic work at LLNL.
	Inelastic (n,n') and radiative-capture (n,) cross sections are needed.
	x
	 
	 
	 

	124,136Xe: NIF diagnostics measurements at LLNL:.  Xe isotope tracers will measure the amount of ablator penetration into the fuel and identify its location in the ablator.  
	Accurate 124Xe(n,2n)123Xe and 136Xe(n,2n)135Xe cross sections are needed from fluence of 14-MeV neutrons.
	x
	 
	 
	 

	169Tm: High-threshold NIF activation diag.
	Greater precision 169Tm(n,3n)167Tm reaction cross section.
	x
	 
	 
	 

	209-206Bi: Better data is needed for high-threshold reactions such as 209Bi(n,4n), and 209Bi(n,xn), where x>4, to help resolve discrepancies between the TENDL-2012 and ENDF/B-VII.1 evaluations.  The level of discrepancy increases with x in (n,xn).  A high-threshold 209Bi(n,xn) reaction may also find application as a NIF diagnostic.
	Several high-accuracy cross-section measurements for 209Bi(n,xn) reactions are desirable.
	x
	 
	x
	Dosimetry

	48Ti, 64Zn, 113In, 63Cu: New dosimetry measurements will help guide future IRDFF evaluations; the current dosimetry evaluations are discrepant for several reactions in the 14-MeV neutron-energy region.
	Improved dosimetry cross section data is needed near 14 MeV for the following reactions: 48Ti(n,x)47Sc; 64Zn(n,p)64Cu; 113In(n,n')113mIn; 63Cu(n,2n)62Cu.
	x
	 
	x
	Dosimetry

	Reactor Neutrinos: Nuclear reactors provide an intense source of neutrinos up to 10 MeV and permit the study of neutrino oscillations.  Two major problems are facing reactor-neutrino physics: (i) The short baseline reactor-neutrino anomaly which reveals a 6% deficit in the antineutrino flux at all short-baseline experiments; (ii) A shoulder (bump) observed at E=4.5-6.5 MeV in all current reactor neutrino experiments.  The evaluations in ENDF and JEFF give different predictions because yields for the important fission products are different.
	Improved experimental measurements of fission products that dominate the high-energy spectrum need to be measured to address these issues.
	 
	x
	x
	 

	130I, 135I: Accurate nuclear forensics relies on measuring actinide ratios in the debris.  Blocked cesium and iodine products retain fission information and can be used to determine whether the fuel is uranium and plutonium and if 14-MeV neutron-induced fission is involved.  
	The 130I and 135I thermal, fast, and 14-MeV fission yields need to be measured.
	x
	x
	x
	 

	192Ir is used in the high dose-rate brachytherapy.  
	Alternative production mechanisms: high energy protons on Platinum
	x
	x
	 
	x

	131I is used in the treatment of thyroid cancer.  
	Production rates may be investigated from        130Te(n,)131Te->131I; 130Te(d,p)131Te->131I; 130Te(d,n)131I.
	x
	x
	 
	x

	188Re is used for palliative care of metastatic bone disease.  
	Alternative production: 187Re(d,p)188Re.
	x
	x
	 
	x

	153Sm is used for palliative bone therapy.  
	Alternative production mechanisms require accurate data for the reaction cross section: 150Nd(a,n)153Sm.
	x
	x
	 
	x

	186Re is used for palliative bone therapy.  
	Alternative production mechanisms require accurate data for the reaction cross sections: 186W(p,n)186Re.
	x
	x
	 
	x

	90Y is used to treat liver cancer.  
	Alternative production mechanisms require accurate data for the reaction cross sections: 89Y(d,p).
	x
	x
	 
	x

	125I is commonly used in the treatment of prostate cancer.  
	Alternative production mechanisms require accurate data for the reaction cross sections: 125Te(p,n)125I.
	x
	x
	 
	x

	241Am: Used in well logging for hydrocarbon exploration.  For certain production mechanisms there is a proliferation risk which needs to be assessed owing to production of fissile 241Pu with much lower critical mass.
	Possible large-scale production investigated using the reaction 238U(,n)241Pu->241Am requires good knowledge of 238U(a,n) cross section.
	 
	 
	 
	Industry
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